***What is already known about this topic?*** Patients with asthma are rare in epidemiological studies of severe acute respiratory syndrome coronavirus 2 pneumonia.***What does this article add to our knowledge?*** Being asthmatic is not a risk factor for severe acute respiratory syndrome coronavirus 2.***How does this study impact current management guidelines?*** Severe acute respiratory syndrome coronavirus 2 pneumonia may not induce severe asthma exacerbation.

Introduction {#sec1}
============

At the end of December 2019, Chinese public health authorities reported several cases of acute respiratory syndrome in Wuhan, Hubei, China.[@bib1] Since then, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the cause of coronavirus disease 2019 (COVID-19), has spread across the globe, leading to a public health emergency of international concern on January 30, 2020, and resulting in a pandemic.[@bib2] The most common symptoms of COVID-19 are fever and respiratory symptoms, including cough, sore throat, and shortness of breath.[@bib3] Other noted symptoms include fatigue, myalgia, diarrhea, abdominal pain, and recently anosmia, dysgeusia,[@bib4] and confusion.[@bib5] Many patients also develop lymphopenia and pneumonia with characteristic pulmonary ground glass opacity changes on chest computed tomography (CT).[@bib6] ^,^ [@bib7]

The pathophysiology mechanisms are not yet well characterized. After inhalation of SARS-CoV-2 through aerosolized uptake, the virus likely binds to epithelial cells from the nasal cavity, starts replicating, and reaches the lower respiratory tract. The main receptor for the SARS-CoV-2 spike is angiotensin-converting enzyme 2 (ACE2), which is expressed in several organs such as the lung, heart, kidney, intestine, and endothelial cells. For about 20% of the infected patients, the disease will progress to a pneumoniae through propagation of SARS-CoV within type II cells through ACE2 and will compromise the alveolo-capilar space. It may result in a diffuse alveolar damage and fibrosis. A hyperinflammatory syndrome called "cytokine storm" consisting in fever, cytopenias, hyperferritinemia, diffuse alveolar damage, and hypercytokinemia may occur during this phase. It may lead to multiorgan failure and high rate of mortality. From an immunologic point of view, it is characterized by increased IL-2, IL-7, granulocyte-CSF, IFN-γ--inducible protein 10, monocyte chemoattractant protein 1, macrophage inflammatory protein 1-α, and TNF-α.[@bib8], [@bib9], [@bib10], [@bib11]

Viral infections exacerbated asthma in up to 41% of adult patients. Rhinoviruses were the most frequently detected type of virus. Other respiratory tract viruses, including respiratory syncytial virus, influenza viruses, coronaviruses, human metapneumoviruses, parainfluenza viruses, adenoviruses, and bocaviruses, have also been detected in patients with asthma exacerbation.[@bib12]

Until now, coronaviruses seemed to make only a minor contribution to asthma exacerbation in adults.[@bib12] Although the Centers for Disease Control and Prevention stated that patients with moderate to severe asthma could be at a greater risk of more severe COVID-19,[@bib13] no published data support this statement at this time. However, Zhang et al[@bib14] reported that allergic disease and asthma were not risk factors for SARS-CoV-2 infection in 140 Chinese patients.

The aims of the present study were to assess the frequency of asthma exacerbation in patients with asthma hospitalized for SARS-CoV-2 pneumonia, and to compare the symptoms and biological and radiological findings in patients with and without asthma with SARS-CoV-2 pneumonia.

Methods {#sec2}
=======

Study design and population {#sec2.1}
---------------------------

This was a monocentric, retrospective, cohort study using clinical, radiological, and laboratory data obtained from patients hospitalized at the Chest Diseases Department of Strasbourg University Hospital.

The study population consisted of 106 patients with SARS-CoV-2 pneumonia hospitalized between March 4 and April 6, 2020. Since the outbreak of COVID-19, 60 of 86 beds in our department have been devoted to the treatment of SARS-CoV-2 pneumonia, including noninvasive ventilatory support.

SARS-CoV-2 pneumonia diagnosis was established on the basis of the presence of all of the following:•Clinical symptoms: fever, asthenia, dyspnea, tachypnea, cough, chest pain, and/or crackles.•Chest CT manifestations indicating SARS-Cov-2 pneumonia according to the literature: ground glass opacity, bilateral involvement, peripheral distribution, multilobar involvement, consolidations.[@bib15], [@bib16], [@bib17] All CT images were acquired using an 80-row CT scanner (Aquilion PRIME SP, Canon Medical Systems, Otawara, Japan) without injection. Quality of imaging was chosen according to the patient age and body mass index. When possible, patients were instructed to hold their breath and raise their arms above their head to minimize artifacts. Images were reconstructed with a slice thickness of 1 mm in the mediastinal and parenchymal windows and transmitted to postprocessing workstations for multiplanar and maximum intensity projection reconstructions.•Positive laboratory confirmation of SARS-CoV-2 infection (centralized in Strasbourg Hospital Viral Laboratory). Quantitative real-time PCR tests for SARS-CoV-2 nucleic acid were performed using nasopharyngeal swabs.[@bib18] The primer and probe sequences target 2 regions on the RdRp gene and are specific to SARS-CoV-2. Assay sensitivity is approximately 10 copies/reaction.

Among the 106 patients with SARS-CoV-2 pneumonia, 23 had a clinical diagnosis of asthma based on the clinical history recorded by medical staff. All the clinical data were verified with the patient\'s general practitioner and specialists (allergists, pulmonologists).

Because we are a reference center for asthma, almost all SARS-CoV-2 pneumonia cases in patients with asthma hospitalized at the emergency room of Strasbourg University Hospital were referred to our department.

To assess the patient\'s asthma status, we defined 3 periods. The first period was the last month before the onset of COVID-19 symptoms (p1). The second period was the prehospitalization period between the beginning of the SARS-CoV-2 infection symptoms and the first day of hospitalization (p2). The third period was during hospitalization (p3).

Severe asthma exacerbations were assessed during p1 and p2, and defined as a deterioration in asthma resulting in hospitalization or emergency room treatment or the need for oral steroids for more than 3 consecutive days.[@bib19]

During p3, we defined symptoms corresponding to asthma as breathlessness and wheezing requiring systemic corticosteroids and inhaled β2 agonist.

This study was performed in accordance with the Declaration of Helsinki and with Good Clinical Practice guidelines. We received approval from the Clinical Research Ethic Committee of Strasbourg University Hospital (CE-2020-56). Oral informed consent was obtained from all patients. All personal data remained confidential and were anonymized.

Data collection {#sec2.2}
---------------

Demographic, clinical, laboratory, and radiological data were recorded during routine health care. All study variables were reported on a standardized data-collection sheet.

For all patients, the clinical data included the delay before onset of COVID-19 symptoms and hospitalization; symptoms at admission (eg, fever, asthenia, anorexia, myalgia, confusion, odynophagia, nasal obstruction, rhinorrhea, acute anosmia, sneezes, gastrointestinal symptoms, cough, dyspnea, chest tightness, respiratory frequency, wheezing, and crackles); maximum oxygen flow, noninvasive ventilation need, intensive care unit transfer for mechanical ventilation or death; smoking habits (past smoker, current smoker, and the smoking index); and health issues such as hypertension, obesity (defined by body mass index ≥ 30 kg/m^2^), cardiopathy, diabetes mellitus, chronic renal insufficiency, lung cancer, and obstructive sleep apnea.

Lung CT images were analyzed and the global percentage of abnormal lung parenchyma visually estimated and classified by 2 experienced radiologists into 4 categories following the French Society of Thoracic Imaging guidelines[@bib20]: absent/minimal (\<10%), moderate (10%-25%), extensive (26%-50%), and severe/critical (\>50%).

Laboratory results comprised neutrophil, lymphocyte, and eosinophil counts, and C-reactive protein level.

Disease-relevant variables for asthma were age at onset (stratified on "\<18," "18-50," and "\>50 years"); eosinophil count before the beginning of COVID-19; allergic status based on clinical history and/or skin test results; spirometry (FEV~1~ and FEV~1~/forced vital capacity); severity of asthma (the number of severe exacerbations during the last 12 months,[@bib19] number of hospitalizations in the intensive care unit, step treatment according to Global Initiative for Asthma \[GINA\] 2019 guidelines); comorbidities (ie, gastroesophageal reflux, obstructive sleep apnea, hyperventilation syndrome, chronic rhinosinusitis with polyposis, anti-inflammatory drug hypersensitivity, paradoxical vocal cord motion disorder); and asthma control, during the last 4 weeks before the beginning of SARS-CoV-2 infection based on the GINA guidelines (well controlled, partly controlled, or uncontrolled).[@bib21]

Statistical analysis {#sec2.3}
--------------------

We summarized continuous measures as medians and interquartile ranges and categorical variables as frequencies and proportions. We tested comparisons between patients with and without asthma using Fisher exact or χ^2^ test for categorical variables and the Wilcoxon rank-sum test for numerical variables. Because of the absence of randomization and to adjust for possible confusing factors, we performed multivariable logistic regression analysis using a binomial generalized linear model to determine the adjusted odds ratio (aOR). Variables with *P* less than .1 in the univariate analysis were selected as independent variables in the multivariate model. To evaluate whether asthma is associated with and a risk factor for severe COVID-19 outcomes, we used propensity scores to adjust for confounding variables. The propensity score allows analyzing an observational nonrandomized study so that it mimics some of the particular characteristics of a randomized controlled trial as it accounts for systematic differences in baseline characteristics between subjects with and without asthma when estimating the effect of asthma on severe COVID-19 outcomes. Propensity scores were generated by multiple logistic regression using known risk factors for COVID-19 (age, sex, hypertension, diabetes, body mass index ≥ 30 kg/m^2^, and heart failure) as independent variables. Finally, we used a generalized linear mixed-efiect model with subjects as a random efiect to evaluate change in asthma exacerbation (logistic regression) and change in eosinophil counts (Gaussian regression) during the 3 difierent time periods. Statistical analyses were performed using R Software, version 3.6.3 (<https://cran.rproject.org>). *P* less than .05 was considered signiﬁcant.

Results {#sec3}
=======

Study population {#sec3.1}
----------------

A total of 114 patients were hospitalized for suspicion of SARS-CoV-2 pneumonia between March 4 and April 6, 2020, in a dedicated COVID-19 Unit in the Chest Diseases Department of Strasbourg University Hospital. Of these patients, 106 were included in the present study ([Figure 1](#fig1){ref-type="fig"} ). Their clinical characteristics are described in [Table I](#tbl1){ref-type="table"} .Figure 1Flowchart of patient inclusion.Table IClinical characteristics of included patientsCharacteristicTotal (n = 106)Patients without asthma (n = 83)Patients with asthma (n = 23)*P* valueSex.63 Female40 (37.7)30 (36.1)10 (43.5) Male66 (62.3)53 (63.9)13 (56.5)Age (y)63.5 (54.2-72.0)65.0 (56.0-72.0)59.0 (49.5-9.5).37Delay between onset of symptoms and hospitalization (d)7.0 (4.2-10.0)7.0 (4.0-10.0)7.0 (5.0-9.0).90Comorbidity Obesity (body mass index \> 30 kg/m^2^)42 (39.6)33 (39.8)9 (39.1)\>.99 Hypertension45 (42.5)37 (44.6)8 (34.8).48 Diabetes23 (21.7)19 (22.9)4 (17.4).78 Chronic heart disease6 (5.7)5 (6.0)1 (4.3)\>.99 Chronic renal insufficiency5 (4.8)4 (4.9)1 (4.3)\>.99 Lung cancer7 (6.6)6 (7.2)1 (4.3)\>.99 Obstructive sleep apnea14 (13.2)12 (14.5)2 (8.7).73Smokers Past smokers33 (31.1)23 (27.7)10 (43.5).20 Current smokers6 (5.7)5 (6.0)1 (4.3)\>.99 Smoking index[∗](#tbl1fnlowast){ref-type="table-fn"}0.0 (0.0-20.0)0.0 (0.0-20.0)0.0 (0.0-15.0).60[^2][^3]

Clinical symptoms and biological and radiological status of all patients {#sec3.2}
------------------------------------------------------------------------

The clinical symptoms and biological and radiological status of all patients are described in [Table II](#tbl2){ref-type="table"} . In univariate analysis, dyspnea, chest tightness, and wheezing were significantly associated with the asthmatic status of the patients. Once adjusted in multivariate analysis, only chest tightness was more frequent in patients with asthma than in patients without asthma (aOR, 4.798; 95% CI, 1.111-21.783).Table IIClinical symptoms and biological and radiological status of all patientsCharacteristicTotal (n = 106)Univariate analysisMultivariate analysisPatients without asthma (n = 83)Patients with asthma (n = 23)*P* valueaOR*P* valueSymptoms Fever99 (93.4)78 (94)21 (91.3).64 Asthenia90 (84.9)71 (85.5)19 (82.6).75 Anorexia72 (67.9)54 (65.1)18 (78.3).31 Confusion7 (6.6)6 (7.2)1 (4.3)\>.99 Myalgia49 (46.2)37 (44.6)12 (52.2).64 Pharyngalgia5 (4.7)4 (4.8)1 (4.3)\>.99 Nasal obstruction10 (9.4)8 (9.6)2 (8.7)\>.99 Acute anosmia23 (21.7)16 (19.3)7 (30.4).26 Sneezes8 (7.5)4 (4.8)4 (17.4).07 Rhinorrhea9 (8.5)6 (7.2)3 (13.0).40 Gastrointestinal symptoms49 (46.2)38 (45.8)11 (47.8)\>.99 Cough93 (87.7)71 (85.5)22 (95.7).29 Dyspnea84 (79.2)62 (74.7)22 (95.7)**.04**5.8 (1.0-109.9).10 Chest tightness12 (11.3)5 (6.0)7 (30.4)**.004**4.8 (1.1-21.8)**.04**Pulmonary auscultation Wheezing11 (10.4)5 (6.0)6 (26.1)**.01**2.5 (0.4-12.8).29 Crackles89 (84.0)71 (85.5)18 (78.3).52Biology Lymphocytes0.9 (0.7-1.1)0.9 (0.7-1.1)1.0 (0.8-1.2).26 Eosinophils (admission)0.0 (0.0-0.0)0.0 (0.0-0.0)0.0 (0.0-0.0).17 Eosinophils (discharge)0.1 (0.0-0.2)0.1 (0.0-0.2)0.1 (0.0-0.2).52Chest CT \<10%14 (13.2)7 (8.4)7 (30.4)**.01** 10%-25%45 (42.5)38 (45.8)7 (30.4).24 25%-50%29 (27.4)23 (27.7)6 (26.1)\>.99 \>50%18 (17.0)15 (18.1)3 (13.0).76Ventilation support Oxygen therapy96 (90.6)73 (88.0)23 (100).11 Noninvasive ventilation15 (14.2)11 (13.2)4 (17.4).74[^4][^5][^6][^7]

Eosinopenia (eosinophil count, ≤0.05 g/L) was found in 88.7% of all patients and lymphopenia (lymphocyte count, ≤1.0 g/L) in 60.4% at admission, with no difference between the 2 groups.

The global severity of lung parenchyma involvement was similar in the 2 groups. In a propensity score--adjusted analysis, being asthmatic was not a risk factor for having more involvement of the lung parenchyma (OR, 0.904; 95% CI, 0.409-1.790; *P* = .786).

Clinical characteristics of patients with asthma {#sec3.3}
------------------------------------------------

The clinical characteristics of patients with asthma are described in [Table III](#tbl3){ref-type="table"} . We found that 52.2% of the patients were GINA 1 and were not receiving any inhaled corticosteroid, and 39.1% were GINA 4 and 5. Only 1 patient was treated with biotherapy and oral corticosteroids. Among patients with asthma, 63.6% were well controlled and 23.4% were partially controlled. Eleven of the 23 patients with asthma had at least 1 severe exacerbation in the previous year, and 68.2% were considered suffering from allergic asthma according to their clinical history. The median eosinophil count before SARS-CoV-2 infection was 0.19 (0.11-0.30) g/L.Table IIIClinical characteristics of patients with asthmaCharacteristicTotal patients with asthma (n = 23)No exacerbation (n = 17)Exacerbation (n = 6)Age at onset (y) \<186 (26.1)4 (23.5)2 (33.3) 18-5013 (56.5)10 (58.8)3 (50.0) \>504 (17.4)3 (17.6)1 (16.7)Spirometry[∗](#tbl3fnlowast){ref-type="table-fn"} FEV~1~ (% predicted)85.5 (73.3-88.2)85.5 (82.5-86.8)78.0 (60.8-88.9) FEV~1~/FVC (%)70 (64.3-88.2)77.1 (68.0-86.1)67.5 (60.3-73.6)Allergy (based on clinical history)[†](#tbl3fndagger){ref-type="table-fn"}15 (68.2)11 (68.8)4 (66.7) Family atopy[†](#tbl3fndagger){ref-type="table-fn"}12 (54.5)8 (50.0)4 (66.7) Positive skin prick test result[‡](#tbl3fnddagger){ref-type="table-fn"}5 of 82 of 33 of 5 Symptoms to[†](#tbl3fndagger){ref-type="table-fn"} Birch pollen6 (27.3)5 (31.3)1 (16.7) Grass pollen6 (27.3)4 (25.0)1 (16.7) Pets (cat or dog)4 (18.2)2 (12.5)2 (33.3) House dust11 (50.0)8 (50.0)3 (50.0) Desensitization[†](#tbl3fndagger){ref-type="table-fn"}3 (13.6)3 (18.8)0 (0.0) Rhinoconjunctivitis exacerbated (February 2020)[†](#tbl3fndagger){ref-type="table-fn"}2 (9.1)2 (12.5)0 (0.0)Severity of asthma Exacerbations during the last 12 mo0.5 (0.0-1.0)0 (0.0-1.0)1 (0.3-1.0) Almost 1 hospitalization in intensive care unit in life1 (4.3)0 (0.0)1 (16.7) Daily dose of inhaled corticosteroids during the last month0 (0.0-820.0)0 (0.0-600.0)600 (50.0-1210.0) GINA step 112 (52.2)10 (58.8)2 (33.3) GINA step 20 (0.0)0 (0.0)0 (0.0) GINA step 32 (8.7)1 (5.9)1 (16.7) GINA step 45 (21.7)4 (23.5)1 (16.7) GINA step 54 (17.4)2 (11.8)2 (33.3)Comorbidity Gastroesophageal reflux12 (52.2)8 (47.1)4 (66.7) Hyperventilation syndrome1 (4.4)0 (0.0)1 (0.2) Chronic rhinosinusitis with polyposis1 (4.4)0 (0.0)1 (16.7) Anti-inflammatory drug hypersensitivity0 (0.0)0 (0.0)0 (0.0) Paradoxical vocal cord motion disorder3 (13.0)2 (11.8)1 (16.7) Obesity9 (39.1)6 (35.3)3 (50.0)Asthma control[†](#tbl3fndagger){ref-type="table-fn"} Well controlled14 (63.6)9 (56.3)5 (83.3) Partly controlled6 (27.3)6 (37.5)0 (0.0) Uncontrolled2 (9.1)1 (6.25)1 (16.7)[^8][^9][^10][^11][^12]

Patient outcomes {#sec3.4}
----------------

Twenty-one patients (19.8%) required intensive care unit management and mechanical ventilation. No difference was found between the groups with and without asthma. Eighty of 106 patients had a favorable outcome and were discharged from the hospital. No death was observed in the asthmatic group. Length of stay (*P* = .64), maximal oxygen flow needed (*P* = .83), and the frequency of noninvasive ventilation were similar in the 2 groups. In a propensity score--adjusted analysis, being asthmatic was not a risk factor for transfer to the intensive care unit (aOR, 1.065; 95% CI, 0.272-3.522; *P* = .92) or for longer length of stay (aOR, 1.614; 95% CI, 0.586-4.585; *P* = .36). The eosinophil counts returned back to normal for 74.5% of all patients at discharge. In a generalized linear mixed-efiect model, eosinophil counts changed significantly over the 3 time periods (*P* \< .001), but not asthma (*P* = .29).

Comparison of asthma exacerbation over time {#sec3.5}
-------------------------------------------

In the first period (p1), only 1 patient had a severe exacerbation. In the second period (p2), 2 patients developed a severe exacerbation. In the third period (p3), 5 patients were being treated with systemic corticosteroids because of asthma symptoms. For 3 of them, systemic corticosteroids were started only in p3. Using exacerbation as a dependent variable in a generalized linear mixed-efiect model, no time-period effect was found (*P* = .09; [Figure 2](#fig2){ref-type="fig"} ).Figure 2Number of patients treated or not with oral corticosteroids during the 3 periods (dark gray) p1 and p2: Number of patients with a severe asthma exacerbation; p3: Number of patients treated with oral corticosteroids and β2 agonist; (light gray) no treatment with oral corticosteroids, and β2 agonist during p1, p2, and p3. No time period effect (*P* = .09).

Discussion {#sec4}
==========

In the eastern part of France, we have been facing a severe COVID-19 epidemic. At the height of the epidemic, Strasbourg University Hospital had 429 beds in conventional medicine units and 207 in an intensive care unit devoted to COVID-19. As our department is a reference center for asthma, any case of SARS-CoV-2 pneumonia in patients with asthma was primarily referred to us. In the same period, we estimated that 5 patients with a clinical history of asthma had been hospitalized in other medical departments. This could explain why we had a higher prevalence of patients with asthma in our population (21.7%) than mentioned in previous publications.[@bib14] ^,^ [@bib22] ^,^ [@bib23] The clinical history of asthma was carefully verified with the patient, the general practitioner, and when possible with the specialist (allergist or pulmonologist). The clinical history was recorded by 2 different doctors on 2 different occasions.

We did not observe any increase in severe exacerbation with the development of SARS-CoV-2 pneumonia. This result is not in line with other respiratory viruses. Viral respiratory infections are detected in up to 85% of asthma exacerbations in children and approximately half the exacerbations in adults.[@bib12] ^,^ [@bib24] ^,^ [@bib25] During asthma exacerbation in adults, the most frequently detected viruses are rhinoviruses (42.1%), respiratory syncytial virus (13.6%), herpes simplex virus (12.3%), influenza virus (10%), parainfluenzavirus (5.3%), coronaviruses (8.4%), metapneumovirus (5.3%), Bocavirus (6.9%), and adenovirus (3.8%).[@bib26] Papadopoulos et al[@bib12] noted that reported respiratory infection rates for coronaviruses among children usually range from less than 1% to 9%, with varied distribution between subtypes, and that coronavirus infections are often associated with other viruses. For adults coming into the emergency department for acute asthma exacerbation, coronaviruses have been found in only 4% of induced sputum samples.[@bib27] No data are available on the asthma exacerbation rate and SARS-CoV-1 or Middle East respiratory syndrome coronavirus infection. Overall, coronaviruses seem to make a minor contribution to acute asthma exacerbation.

In contrast to other respiratory viruses, SARS-CoV-2 may not be a risk factor for severe asthma exacerbation. Several hypotheses can be raised.

First, SARS-CoV-2 may be a disease mainly of the upper and lower respiratory tract, causing ENT infection and pulmonary lesions. ACE2 has been shown to be the functional receptor of SARS-CoV-1.[@bib28] This receptor is abundantly expressed in type I and type II pneumocytes, whereas bronchial epithelial cells exhibit only weak staining.[@bib29] ^,^ [@bib30] ACE2 has also been identified as the receptor of novel SARS-CoV-2,[@bib31] indicating that alveolar pneumocytes in the lung could be a possible entry site for SARS-CoV-2. However, ACE expression is not limited to the lungs, and extrapulmonary spread of SARS-CoV in ACE2-positive tissues has been observed. The same can be expected for SARS-CoV-2.[@bib32] This is in accordance with the suggestion that COVID-19 seems to induce a specific pathology of the alveolo-capillary space leading to severe altered gas exchanges and pulmonary-specific vasculopathy.[@bib33] ^,^ [@bib34] Very recently it has been suggested that ACE2 expression in nasal epithelium was inversely related to allergic sensitization.[@bib35]

The second hypothesis involves the role of eosinophil cells. In our population, 88.7% of patients had a low eosinophil count at admission. The eosinophil count had returned to normal at discharge for 74.5% of patients. Liu et al[@bib36] described similar results with a low eosinophil count at admission and demonstrated that the increase in eosinophils may be an indicator of COVID-19 improvement. In their study, during the period of lower eosinophil count, the SARS-CoV-2 RNA test result remained positive, and after the eosinophil count returned to normal, the SARS-CoV-2 RNA test result was negative within 5 days. The normalization of eosinophil count is also associated with improved symptoms and chest X-rays.[@bib36] However, that previous study included patients without asthma. In our patients, we did not find any significant difference in eosinophil counts between patients with and without asthma.

The role of eosinophils in asthma exacerbation is widely published. Since the first article on the relationship between eosinophil count and asthma severity,[@bib37] several publications have confirmed a relationship between eosinophil count and frequency of asthma exacerbation.[@bib38] Decreasing the number of eosinophils in eosinophilic asthma is associated with a reduction in severe exacerbation, use of systemic corticosteroids, or biotherapy (eg, anti--IL-5 or anti--IL-5 receptor).[@bib39] ^,^ [@bib40] In SARS-CoV-2 pneumonia, postmortem examination did not find any eosinophils in the alveol or in the bronchi and bronchioles.[@bib41]

The third hypothesis is on the role of inhaled corticosteroids. In *in vitro* models, inhaled corticoids alone or in association with bronchodilators inhibit human coronavirus-229E replication, partly by inhibiting receptor expression and/or endosomal function and reducing cytokine production (IL-6, IL-8). This suggests that these drugs modulate infection-induced inflammation in the airways.[@bib42]

Roughly half of our patients with asthma (52.2%) had GINA step 1 asthma and did not use inhaled corticosteroids on a regular basis; 63.6% of them were well controlled. We did not find any difference between the age of patients with and without asthma. Moreover, the classical factors associated with SARS-CoV-2 pneumonia (hypertension, obesity, diabetes) were found in both groups. In contrast, the classical factors responsible for uncontrolled asthma, such as tobacco smoke, obesity, and obstructive sleep apnea, were not more frequent in the group with asthma. This suggests that the risk factors for hospitalization in our patients were related more to the risk factors of SARS-CoV-2 pneumonia than to asthma.

Furthermore, most of our patients with asthma were considered to have allergic asthma (68.2%). In adults, the frequency of allergic asthma is approximately 50%.[@bib43] ^,^ [@bib44] However, the diagnosis of clinical allergy was based on a suggestive clinical history. For only a few patients, skin tests were performed. Further studies showed that pollen may affect the development and severity of viral infection, decreasing the IFN and proinflammatory chemokine response of airway epithelia to the virus.[@bib45] However, only 2 (9.1%) patients with asthma had rhinoconjunctivitis before the SARS-CoV-2 pneumonia symptoms, and none of them required oral corticosteroids for asthma during p1, p2, and p3. Thus, pollen allergy appeared not to be the reason for asthma exacerbation in our patients.

The severity and outcome of SARS-CoV-2 pneumonia were similar in the 2 groups in terms of lung parenchyma involvement, oxygen flow, frequency of transfer to the intensive care unit, and duration of hospitalization. This suggests that asthma would not be a risk factor for the development of severe SARS-CoV-2 pneumonia.

Possible limitations of our study could be linked to a monocentric recruitment of patients and low number of patients with asthma included in the study. However, this reflects the findings of other larger studies,[@bib14] demonstrating a low frequency of patients with asthma with severe SARS-CoV-2 pneumonia.

Conclusions {#sec5}
===========

Our results demonstrate that patients with asthma do not experience differences in clinical symptoms or biological and radiological status in SARS-CoV-2 pneumonia. The published risk factors associated with SARS-CoV-2 pneumonia (ie, hypertension, obesity, diabetes) were found in both patients with and without asthma. In contrast, we did not find the usual risk factors responsible for uncontrolled asthma. This suggests that the COVID-19 infection was the main factor leading to hospitalization. Moreover, in contrast to other viral respiratory infections, SARS-CoV-2 pneumonia did not appear to induce severe asthma exacerbation. Larger studies would be desirable to confirm our results and understand the mechanisms explaining such findings.
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